Abstract. Gaseous sulfuric acid is known as one of the key precursors for atmospheric 24 new particle formation processes, but its measurement remains a difficulty. A proxy 25 method that is able to derive gaseous sulfuric acid concentrations from parameters that 26 can be measured relatively easily and accurately is therefore highly desirable for the 27 atmospheric chemistry community. Although such methods are available for clean 28 atmospheric environments, a proxy that works well in a polluted atmosphere, such as 29 those in Chinese megacities, is yet to be developed. In this study, the gaseous sulfuric (or [NOx]) as the predictor variables. In this proxy method, we considered the formation 38 of gaseous sulfuric acid from reactions of SO2 and OH radicals during the daytime, and 39 loss of gaseous sulfuric acid due to its condensation onto the pre-existing particles. In 40 addition, we explored formation of OH radicals from the conventional gas-phase 41 photochemistry using ozone as a proxy and from the photolysis of HONO using HONO 42 (and subsequently NOx) as a proxy. Our results showed that the UVB intensity and [SO2] 43 are dominant factors for the production of gaseous sulfuric acid, and that the simplest 44 proxy could be constructed with the UVB intensity and [SO2] alone. When the OH 45 radical production from both homogenously-and heterogeneously-formed precursors 46 were considered, the relative errors were reduced up to 20 %. 47 3
3
for gaseous sulfuric acid detection. However, sulfuric acid measurements are still rather 83 sparse because of the high cost of the CIMS instrument and the extensive demand of 84 specialized expertise on the instrument calibration, maintenance, and data processing, 85 etc. Therefore, a proxy for gaseous sulfuric acid concentration is highly desirable. 86
Proxies for the estimation of atmospheric gaseous sulfuric acid concentrations 87
were previously developed to approximate measurement results of sulfuric acid 88 in Hyytiä lä , Southern Finland (Petäjä et al., 2009), assuming that gaseous sulfuric acid 89 is formed from reactions between SO2 and OH radicals, and lost due to its condensation 90 onto pre-existing particles. The derived simplest proxy can be written as Eq. (1) during the campaign with a home-made calibration box that can produce adjustable 177 concentrations of gaseous sulfuric acid from SO2 and OH radicals following the 178 protocols in previous literatures (Kürten et al., 2012; Zheng et al., 2015) . We obtain a 179 calibration coefficient of 3.79 × 10 9 molecule cm -3 for our instrument and use 1.1 × 180
10
10 molecule cm -3 as the effective calibration coefficient, after taking into account 181 the diffusion losses in the stainless-steel tube and the nitrate chemical ionization source.
7
The obtained mass spectra were analyzed with a tofTools package based on the 183 MATLAB software (Junninen et al., 2010). 184
Ambient particle number size distributions down to about 1 nm were measured 185 using a combination of a scanning mobility particle sizer spectrometer (SMPS) 186 equipped with a diethylene glycol-based condensation particle counter (DEG-CPC, ~1-187 10 nm) and a conventional particle size distribution system (PSD, ~3 nm -10 μm) 188 consisting of a pair of aerosol mobility spectrometers developed by Tsinghua University 189 To simplify the calculation, the production and loss of sulfuric acid can be assumed 241 to be at pseudo steady-state (Mikkonen et al., 2011; Petäjä et al., 2009 Table 2 summarizes the correlation coefficients between [H2SO4] and atmospheric 298 variables using a Spearman-type correlation analysis. Clearly, the UVB intensity is an 299 isolated variable that is independent of all the other variables but that imposes a positive 300 influence on O3 because of photochemical formation of ozone, and a negative influence 
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Proxy construction 330
Similar to the non-linear proxies suggested by Mikkonen et al. (2011), we tested a 331 number of proxies for gaseous sulfuric acid, listed in Table 3 with their respective fitting 332 parameters and performance summarized in Table 4 . The scatter plots of observed 333
[H2SO4] versus predicted values given by proxies are presented in Fig. S1 . In these 334 proxies, the concentration of a gaseous species is in the unit of molecule cm -3 , the unit 335 of the UVB intensity is W m -2 , the unit of CS is s -1 , and 0 is a scaling factor. 336
The proxy N1 was built by using the UVB intensity and [SO2] as the source terms 337 and CS as the sink term, which follows the conventional idea of the H2SO4 formation 338 and loss in the atmosphere. CS was then removed from this proxy to examine the 339 performance of the proxy N2 that has the UVB intensity and [SO2] as the only predictor 340 variables. Since the formation of OH radicals in the atmosphere depends on precursors 341 in addition to UVB, we further attempted to introduce the OH precursor term into the 342 H2SO4 proxy. The proxies N3 and N4 were built by introducing O3 as the only OH 343 precursor to evaluate its influence on the formation of sulfuric acid. Furthermore, we 344 added HONO as another potential precursor for OH radicals, resulting in the proxies account the CS, suggesting that the covariance between HONO and CS can explain, at 375 least partially, the close-to-zero exponent of CS in the proxies N1-N4. In addition, when 376
[O3] is introduced as the only precursor for OH radicals, minor improvements in the 377 correlation coefficient and RE were obtained, as suggested by comparing the proxies 378
Although so far the proxy N5 had the best fitting quality, it is impractical to 384 explicitly include [HONO] because HONO measurements are very challenging. As 385 shown in Fig. 2 Clearly, the proxy N2 provides the simplest parameterization, but the proxies N5 393 and N7 result in the best fitting quality because of the introduction of [HONO] . Figure  394 3 presents the RE values for the proxies N2 and N7, respectively, as a function of linear 395 bins of measured sulfuric acid concentrations. The performance of the proxy N7 is 396 considerably better than that of the proxy N2 in the sulfuric acid concentration range of 397 (2.2 − 10) × 10 6 molecule cm -3 , which covers the 5-95% percentiles of sulfuric acid 398 concentration in this study. In the worst scenario, RE of proxy N2 is 1.2 times as high 399 as that of proxy N7, e.g., REs are 16.75 % and 13.99 %, respectively, in the sulfuric 400 acid concentration bin of (4 − 5) × 10 6 molecule cm -3 , and 16.71 % and 14.42 %, 401 respectively, in the bin of (7 − 8) × 10 6 molecule cm -3 . 402 403
Comparison of measured and predicted [H2SO4] 404
A comparison between measured and predicted [H2SO4] was performed. 
Summary and conclusions 423
Sulfuric acid is a key precursor for atmospheric new particle formation. In this 424 study, we constructed a number of proxies for gaseous sulfuric acid concentration 425 according to our measurements in urban Beijing during the winter. As a summary, we recommend using the simplest proxy (proxy N2 as shown in 455
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